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THE LUNG*
ALFRED GILMAN AND GUSTAF E. LINDSKOG
That histamine is a constituent of normal lung tissue was first
established by Best, Dale, Dudley, and Thorpe,' who isolated the
amine in chemically pure form from the lung of the ox. These
observers also isolated histamine from ox liver and their observa-
tions form the basis for the assertion that histamine is a normal con-
stituent of animal tissues. The chemical isolation of histamine from
tissue extracts cannot be accomplished quantitatively. Moreover,
merely to identify the amine chemically is a tedious process which
necessitates the extraction of large amounts of material. Conse-
quently, in any routine study of the histamine content of tissues,
presumptive evidence of the presence of the amine is obtained by
suitable pharmacological tests which form the basis of identification.
Two methods of bio-assay are commonly employed, one based upon
the ability of extracts of organs containing histamine to lower the
blood pressure of the anesthetized cat, the other on their ability to
contract the isolated intestinal muscle (ileum) of the guinea-pig.
In either assay technic, atropine is used to prevent responses to any
parasympathomimetic agent which may be extracted from tissues
and thus to reduce thepossibility of error from extraneous substances.
Using the technic of biological identification, it has been estab-
lished by many groups of investigators that lung tissue is relatively
rich in histamine. Indeed, in certain species, the histamine concentra-
tion of the lungs may exceed that of any other tissue. In man, con-
centrations as high as 70 mgm./kgm. of lung have been observed,2
and in thedog,still higherconcentrations have been reported. How-
ever, there are great variations in the content of lung histamine in
different animals, even of the same species, and characteristic values
for the histamine content of different organs can only be given
within wide limits. In the dog's lung, histamine concentrations com-
monly range between 15 and 50 mgm./kgm. The human lung
contains approximately the same concentration.
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Although it has been postulated that the large amount of hista-
mine present in lung must be of physiological significance, no func-
tion has yet been ascribed to it. Nor is it known which cells of
pulmonary tissue contain the amine. However, the histamine of
lung has been the object of intensive investlgation, especially in
regard to the manner in which it is bound in the cells of the lungs and
the possible factors which may effect its release. Presumably cellular
histamine is in combination with protein and must be released from
this combination in order to become activated or to diffuse from the
cell.5 Such a release can be readily accomplished in vitro. Thorough
grinding ofatissue with silica will release a portion of its histamine,"4
but quantitative extraction can only be attained if proteins are pre-
cipitated.7 '4 This can be accomplished by heat, or by a variety of
chemical agents. The histamine of the isolated perfused lung can
also be released by the addition of various noxious agents to the per-
fusion fluid. Such agents include bacterial toxins,8 snake venoms,6
antigens,10 peptones,9 mercuric chloride,7 and alcohol.4
The fact that histamine can be released so readily from the iso-
latedperfusedlung raises the question ofthe effect of noxious stimuli
on the lung in vivo. The lack of evidence on this question must be
attributed to the technical difficulties involved, for the wide varia-
tions in the normal histamine content of lung tissue from animal
to animal make it essential that each animal serve as its own control.
Having determined in a living animal the normal level of lung
histamine by resection and assay of a single lobe, it should then be
possible to utilize such a surviving control to study the effect of local
infections and systemic intoxications on the histamine content of the
remaining pulmonary tissue. The following report concerns the
effect of experimentally induced pneumococcal pneumonia on the
histamine content of the lung in dogs.
Methods
Operative procedure. Dogs were used because of the ease with which
single lobar resection can be accomplished, because the range of histamine
levels approximates that of man, and because a method is already available for
the production of experimental pneumonia in this species.13 Under pentobar-
bital anesthesia with artificial ventilation of the lungs through an intratracheal
tube, the right chest was opened by an intercostal incision in the sixth inter-
space and a resection of the right middle lobe was carried out with individual
silk ligations of the artery, vein, and bronchus, in the order named. The
chest was closed after pneumothorax had been reduced by aspiration.
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Experimental pneumonia. Four or more days after the lobectomy the
animal was anesthetized again with pentobarbital, and by direct bronchoscopy
(#6-45 cm. Jackson bronchoscope) an inoculum of pneumococci suspended
in mucin was introduced into the left lower lobe bronchus. The inoculum
was prepared as follows. Five grams of mucin* were suspended in 100 cc.
of water and dissolved by mechanical shaking for several hours. After acidi-
fication with 2 cc. of N HCI, the mixture was autoclaved at 15 pounds pres-
sure for 20 minutes after which the pH was adjusted to 7.0 with NaOH.
Approximately 15 cc. of an 18-hour blood-broth culture of type I pneumo-
coccus were centrifuged at high speed, the supernatant fluid was decanted, and
the sediment was suspended in 10 cc. of the mucin preparation. Of this
inoculum, 2 to 3 cc. were introduced into the selected bronchus through a
long cannula.
Assay technic. The animals were sacrificed, 48 to 72 hours after inocu-
lation, by the intravenous injection of a lethal dose of pentobarbital. The
thoracic viscera were carefully inspected in the gross, the various lobes were
weighed, and representative sections were removed for bio-assay and histo-
logical study. Tissues were kept in the refrigerator from the time they were
obtained until extracted, usually a period of no more than 18 hours. Control
experiments showed that pulmonary tissue may be kept at ice-box temperature
for 48 hours without any change in histamine content (Simmonds").
From one to three grams of tissue were extracted for histamine assay.
The samples were thoroughly macerated by grinding with sand, the tissue
pulp and sand were transferred to a wide-mouthed bottle and extracted for
three hours on a mechanical shaker with 50 cc. of 70 per cent alcohol con-
taining sufficient HCl to make a 0.1N solution. The supernatant fluid was
decanted, the residuum re-extracted, and the combined extracts were centri-
fuged. The resultant supernatant fluid was evaporated to dryness on a
steam-bath. The extract was kept in the form of this dried residue until the
time of bio-assay. Immediately prior to bio-assay, the dried residue was taken
up in an amount of Tyrode's solution such that the extractives of each gram
of the original lung sample were dissolved in 5 cc. The resultant solution,
free of sediment, was employed in the bio-assay and either used as such or
further diluted with Tyrode's solution.
Assay was performed on isolated segments of guinea-pig ileum suspended
in 3 cc. of oxygenated Tyrode's solution containing 1 mgm./liter of atropine
sulfate. Samples from the previously resected right middle lobe, the right
lower lobe, and the left lower lobe were assayed on the same strip of ileum
using crystalline histamine as the standard.
The technic of extraction described above fulfills the known requirements
for the quantitative extraction of histamine from tissue and is simple in
execution. Seventy per cent acid alcohol not only supplies a medium in
* Granular mucin, type 1701-W, Wilson Laboratories.
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which histamine is readily soluble but also acts as a bactericidal agent and a
protein precipitant. Thus the formation of histamine by bacterial action is
circumvented and the bound cellular histamine is released. Control experi-
ments have shown that 100 per cent of known amounts of histamine added
to tissue can be recovered by this procedure.
Results
Of nine animals subjected to the above-described procedures, a
well-defined lobar pneumonic consolidation was produced in eight.
In seven animals, the pneumonia was in the inoculated left lower
lobe, in one (No. 4) in the contralateral right lower lobe. Histo-
logical verification of the pneumonia was obtained in each instance.
In the lobes with gross consolidation, the typical pictures of red and
grey hepatization were seen, characterized in the table of results as
5+ or 6+. The grossly normal control lobes usually presented evi-
dence of minimal bronchial exudation, designated as +, or scattered
peribronchial alveolar exudation, 2+.
The chronological data, the comparative weights, histamine con-
centrations, and total histamine contents of the right and left lower
lobes, and the histamine concentrations of the biopsied right middle
lobes are presented in Table 1. All histamine values- are expressed
in terms of histamine base.
As might be expected, the consolidated lobe was consistently two
to four times heavier than was the contralateral control lobe. This
is reflected in a decrease in histamine concentration. The total hista-
mine contents of pneumonic and uninvolved lower lobes were, how-
ever, with only one exception, essentially the same. Furthermore,
the histamine concentrations of the uninoculated lower lobes and
the control biopsied right middle lobes, were identical in all cases.
Therefore, since the established weight ratio between normal right
and left lower lobes in the dog is approximately 1:1, it is clear
that no histamine was released from pulmonary tissue by the pneu-
monic process.
Discussion
The many observations on the release of histamine from the lung
in vitro bynoxious agents, and, especially pertinent to this discussion,
by bacterial toxins, immediately raise the question as to whether
similar reactions occur in the intact animal under conditions obtain-
ing in spontaneous infections, either of the lungs or of other tissues.
Such a release, occurring as a complication of acute infection, could
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well explain the occurrence of peripheral vascular collapse in such
divergent conditions as pneumonia, septicemia, and massive deep
wound infection (Stewart"2). Sufficient histamine exists in the lung
so that even a fractional release over a course of hours would result
in serious physiological disturbance if one accepts as a base the cal-
culations on the histamine tolerance of human beings as determined
by Weiss, Robb, and Ellis.'5
If one considers only the concentration of histamine in the nor-
mal and pneumonic lung, it would appear that a loss of histamine
amounting to from 50 to 80 per cent did occur in the above experi-
ments. Taking into consideration, however, the marked increase
in lung weight due to the inflammatory reaction, it seems demon-
strated that no actual loss or gain of histamine occurred unless an
actual release of lung histamine was masked by an influx of hista-
mine-containing cells and plasma. This assumption is unjustified
for two reasons. In seven of eight experiments, the amount of total
histamine in the normal and pneumonic lower lobes of the same
animal compared so closely that a chance balance between histamine
loss and influx could hardly be assumed. What is more, Code' has
shown that the serum of the dog is practically free of histamine and
that leukocytes contain relatively small amounts. It would seem
therefore, that simple dilution is responsible for the fall in histamine
concentration, and that theunchangedvalues for total histamine indi-
cate that no histamine was released from pulmonary tissue as a result
ofthe pneumonic process.
Lobar pneumonia, as produced experimentally in dogs, is char-
acterized by a severe inflammatory reaction in the lung which, unless
lethal from bacteriemia, is self-limited and capable of complete
resolution within a few days without destruction of pulmonary par-
enchyma (Terrel and Robinson"8). Therefore, this type of pul-
monary insult may be insufficient in degree to bring about the disso-
ciation of histamine which is accomplished either by precipitation
or hydrolysis of cellular protein (Feldberg5). Further experiments
are in progress, using the technics described above, to determine
whether noxious agents which have been demonstrated to release
pulmonary histamine invitro, can accomplish this effect when admin-
istered to the intact animal.
That the histamine content of the intact lung cannot be readily
affected or liberated is further demonstrated by other conditions of
the above experiments. The unavoidable surgical trauma associ-
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ated with the lobectomy, the use of multiple anesthesias, the systemic
response to a severe pneumonic infection, and the terminal sacrifice
of the animal have been demonstrated to bring about no change in
the level of pulmonary histamine.
Conclusions
Experimentally induced pneumococcal lobar pneumonia in the
dog failed to cause a significant release of histamine from the infected
lung. Although the histamine concentration of the consolidated
lobe was reduced, this was demonstrated to be due to the increased
weight ofthe lung brought about by the inflammatory reaction. The
total histamine content remained essentially unchanged.
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